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(U) FOREWORD

(U) The screening investigations of the two bacterial species described
in this report were performed under Special BW Operations Project 4-04-14-
004. From 1952 to 13-.4 izvJ.,stigations were concerned principally with
Actinobacillus mallei (Malleomces mallei). In July 1953, virulent strains
of Pseudonornas pseu umallei ' Kalleomy--- pseudomallei) became available,
=nd the investigation of A. maeiwas gr-Tdually phased out. After a period
otf inactivity covering moit oF _lJ55 and 1956 because of higher priority
given other tasks and lack of technical pe-sonnel, work was resumed on P.
pseudomalle i.

(U) Appreciation is expressed to menbers of Technical Evaluation Divi-
sion who assessed the aerosol properties of several agent preparations.

(U) In addition to the authors, personnel participating at various tinmes
In the investigations include:, George W. Schmersahl, John Thiel, John L,
Bradshaw, Willisa C. Wheeler, William S. 'Woodrow, itlph J. Groomes, Harold
L. Bai-r, PFC Seymour S. Shankman, Lt. Carl Bruch, Cm1C, USA, and Lt. Col.
J. 1. Mac•.saee, VC, USA. The contr,.butions of these persons are gratefully
acknowledged. Appreciation also is expressed to Mr. James A. K.me for
technical review and assistance in preparing this report.
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(U) ABSTRACT

(U) Actinobacillus (H. U m~,es) aAllei and Pseudomonas (,alecm'ces)
pseudomalaet ere investigated for their ptentiaI as biological war-fre
agents. T preliminary studies descmrbed cover a range of topics includ-
ing cultttre procedires, a&ixaal virulence, aerovol stability and infectivity,
storige stability, m~d therapy of exerimentall infecxtons.•
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(C) -t'rEST

(C) Several strains of Actinobacillus mallet and Pseudomonas pseudo-
mallei were collected and screened with respect to virulence for laboratory
•n---ls. One virulent strain of each species was selected for a general
study that included methods of culture, aerosol stability, a's-e stability,
drying atability, and host susceptibility. Data reported provi..Ž• a basis
for predicting the potential value of these agents for special ope.-It-ons.

(C) Virulent strains of A. mallei apparently have a high degree of b:c-
logical effectiveness against man, 7igh concontrations of the organi•t may
be produc.d in simple aerated ;z"dim but rrv..arch "i *'4 agent was discon-
tinued because of the poor storage stability and the grad'ual or abrupt
decrease in virilence.

(U) Although human infection3 with P. pseudomalleL have beer. :Qfrequently
reported, those cases clinically recognized usually have been fatal. Pre-
liminary clinical and laboratory data indicati that the newer "Troad spec-
tr-z" antibiotics may reduce the nortality rate considerably.

(C) P. peaudomallel may be produced in high concentrations by US31.g
simple :ediinid Tfcci'ities for aerating cultures. Fresh suspensions
possets adequate aerosol stability, marked infectivity for susceptible
aLimals, and storage stability which compar favorably with that of other

vegetative bacteria studied at BW Labs. Agent suspensiors may be dried
3o that tamporary loss of virulence is avoided.

(C) To determine with greater reliability the diseasa-prod:iing poten-
tixl of P. pseudomalle.i in man, this Agent should be assessed by research
methods That allow an indirect correlation of laboratory anlnitl infectivity
and lathal-ity with those observed in human populations.
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I . tC) 1INTRODUCTION

(U) The L-portance of ',cthnobacillur aalloi (,allsoaces a.Illei) andPseu,!nmonas pseudomalloi ',aleonecos ny e ale',i as utTceents of

two lethal diseases in both animals a&nd n has been recognized for =.mny
years. Therefore, the selection of those two bacterial species for .-ec.n-
ing as potential biological warfare agents appears logical.

(C) Tie first concerted study of these orgenis.'a at Fort Detrick was
vmade by Miller et ad (uring 1944 ar.d 1945; the findings are recorded in
Special Report M . o rhe favorable results stimulated interest, and
research was initiated on these bacterial species for sp•ecial. BW opera-
tions. The investi6at'-ons were carried out in accordance with a research
huide for-ulated for screening, adapting, and/or developing these organians
to .ieet cperational requirements.

(U) Bec',use of the high anniAl infectivity and human =.ortality rates
reported for both species of bacteria, all work with the living organisms
was performed with the Class III cabinets in the laboratory section of
Buildin3 459.

p

SSee Literature Cited.
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1[. (C') ACTINOBACL.CS ALLE1 AND GLANDE.R

A. (U) Dl1Aý,\E HlISTORY

(U) Glanders has bebn known since antiquity, primaril, as a natural
disease of equine animals. In horses ard asses involvement of the super-
ficial lymphatics gives rise to a condition known as "farcy" in which the
swollen lyVph vessels and glands are discernible beneath the skin as "farcy
pipes" and "farcy buds." in those acut Ior chronic cases involving the
lungs, the term "glanders"* is applied.2-/

(U) Other cnimals that occasionsally become infected with A. ma-_leL
include guinea pigs, cats, dogs, ferrets, moles, field mice, goats, sheep,
hogs, and rabbits. 4an appears to have been atn incidental host in spite
of the fact that the organism has exhibited a marked contagiousness among
horses. 4ost cases of human disease apparently resulted from direct con-
tact with if/ected aniaals, although -man-to-man transmission has been
documented..- This organism, 11i P astevrella tularensis, is very Lnfec-
tious for man. Wilson and MileswJwers most emphatiz about infectivity:
"Indeed probably no organism with W!h possible exception of Br. tular-ensis
is so dangerous to work with as the glanders bacillus."

9. (U) !NCIDL.CE OF THE DISEASE

(U) The disease was fairly widespread in equine animals on the European
continent, in Great Britain, and in North America prior to the turn of the
century. It has also been found in Asia and Africa. The recognitlon of the
contagiousness of the disease and the specific causative agent resulted in
the i=position of certain preventive measuresl/ which have had much to do
with its suppression or low incidence In most countries for many years. The
replacement of the uqulna beasts of burden with mechanized equipment in many
areas of the world will undoubtedly tend to maintain a low LnCidenca r'f the
disease in the future.

C, (C) DISEASE IN .•LL;

(U) The over-a-ll mortality rats of g.%nders as it was formerly noted in
man was quite high, 90 to I-O per cent....

SIn this report the word "gland-ýrs' will apply to all manifestations of
infectior with Actinobacillus ma-llei.
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(C) Two distinct clinical forms have been recognized, acute aund chronic.
Acute glanders has a sudden onset and may appear as a bronchopneumonia or
lobar pneumcnia followed by development of pyemia with the production of
characteristic abscesses in many orkans Lncl'tding lymph nodes, liver, lungs,
and spleen. Involv6ment of the upper respiratory tract in man may result
in a purulent, infertious nasal discharge similar to that seen in other
susceptible anizAls. Suppurative skin lesions are also frequently noted.
Before the advent of the su/fonamides, death would aLaost always result
within seven to ten days after disease onset.2/ Chronic =anifeitatioo-s
of the disease have been known %u persist for years with the appearancm
of granulomatous or 3uppurative skin and joint lesions.3,4/

(U) Because o, the protean manifestations of the disease and its resem-
blnunc, to a variety of more commonly noted afflictions of man, the ;orrect
diagnosis has often been missed until the patient has either become a poten-
tial source of infection or has died. Exudates, excretions, and the blood
nay contain glanders bacilli capable of re-establishing infection in con-
tacts. The most closely related disease is melioidosis (discussed later)
in which the pathological picture is q,-ite similar and the causative organ-
Lim cannut be readily differentiated without extensive and carefully con-
trolled bacteriological tests.

(U) The fundaaental factors on which the destructive influencet of this
orga.nisin depepd inside in its notorious ability to parasitize the host with
the production of a typical tisw,. necrosis and general toxemia. The well-
developed lesions found in vario.s -rg•ns usually exhibit a characteristic
caseous necrosis which in some resp•cts resombles that resulting from tuber-
culosis. The athology of the human disease is wel, described by Bernstein
and Carling.4±/"

(C) The incubation period of glanters ranges from a few hours to several
weeks.=/ In those cases resultin= from laboratory accidents at Fort Detrick
during World War II the period vrxried from 10 to 14 days.l_,55/ "hese -nfec-
tion:ý prob6bly rtsulted from inhalation of a small number of organisms.

D. (U) ROUTES OF INFECTION

(U) The moast frequent avenue of infect,.n postulated for human glar.ders
hd3 been the alimentary route. Although t:his may have be-n true in nanv
i',stances, data presented in this and other reports suggest that man, as
well as the lower animals, may re-dily acquire the disease by irnhalLng zir-
borne particles or droplets containing the bacilli. There is also evidence
that the disease may be induced cy bacteri; from conta.-.iated foenites which,
enter the body t.'aough cuts or abrsions. 3 !
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E. (0) PROPHYLAXIS

(U) !ic satisfa-to.y prophylactic or imunological procedure has been
devised to protect Lgainst gl&nders; in man. The following ",izccL-nes have
been reported Tneffective in preventing renfection in the hor a): a)
living bacilli in -inute dosc•, (b) killed organiisi, and (c) zallein
(spent culture ccrcentrate).2/

F. (U) TREA'NLN

(M) Before the advent of the sulfonamidas and antibiotics there was no
specific trea&Zeat k€o~m for this disease. The six cases that occurred at
Yort Detrick dur.n% World War II were successfully treated with su.,fadia-
zine.l,5/ Rnports etainating from the Defence Research Kingsto-s Laboratories
of CAnadaj6/ indicate that su7fadiazine is also effective in pruveatLig
death in hamsters eiposdd to an otnerwise lethal number of organisms as &a
aerosol. Hemy of the antibiotics have not been tried clinical.y against
glanders because :f itý rarity in rost cointries, Because of the in vitro
susceptibility )f .Z!deas bacilli to various antibiotics, however•,(-'T'
Infra) thsro i reason to believe that they also could be eaployed suc-
ZZ-59fu!!y in therap~y.

G. (U) cUPSATIYE ORGANISM

(U) nh. 'actqreia causing &ý&nders was first ibOILted L-1 13V2 by
Loeffler and Schutz, zccordng to Wilson and Miles,Z/ by cultivating
material from a hor-se dying from the acute disease. ActinabAc.-lus
"mallsi is a Gram-e-gative, non-motile rod mea:tiring approXITAtely 0.5
micron to 3.0 mcrc. s. When stained with aniline dyes it has a notice-
able bipolar appea.-ance. Sudan Black R zay be used to demonstrate the
pý'sdence of numeroms intracellular fat droplets that may account Ln part
for the irregular stai•iing noted with use of other techniques.

(U) A. mallei :s classified as an aerobe, and growth is =.arka&1 y
increased by aeat:on of liquid cultur•s by shaking or sparg=-&g. The
chara.:teristics of colonies on solid ediaa vary considerably, depending
or the strain and the me,4.uz on which it is growing. For example, on
blood cysteine agar, colonies may have r. pronounc(d grey color, but on
the routinely used beef extract medium containi.ng glycerol or sorbitol,
they often have a yel-lowish color wtich varies in intensity with the
stra.ui and the age of the culture. Colcnies of many strains dIe.nnstrate
a tendency to wrir-ke after aging for a f-sw days. Several sugers and
higher alcohoiz are used with resultant 2ormation of acid without gas.
Glycerol and sorbizul both enhance growth.
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It . (C) EXPERIMENTAL STUDIES ON ACTINOBACILLUS HAI LEI

A. (U) hISTORY OF A. ,ALL,1 SrIP[NS

(U) %\.neteen cultures of A. mallei were procured from various sources
(Table 1). The first s,-x strains (C6 through C7) listed wer3 obtained in
September 1I51 from Dr. Carl R, Brewer of the former Basic Sciences Divi-
sion, Fort Detrick. Five of thes. strains were samples that had been
lyophilized in normal a.nizal serum in 19J5 by personnel of the 4iller
rasearch teaA of the former 8 Division._' Viable C7 strain cells could
not be recovered from the growth on the single agar slant availaole. All
six strAir.s had been held at refrigerator temperature throughout the inter-
vening years. Lynphilized culttires of strains 3709, 120-A, 7384, 3708, and
3873 were riceived from Dr. G. 9. Reed of the Deferce Kingston Laboratories
of Can'Ad in February 1932. No history accompanied these strains, Lbut it
was asuie•d that the one designated 3873 was identical with the C7 strain,
because M4ilerI/ indicated that the latter was originally 3873 obtained
from the U.S. Army Veterinir-y School. A subculture of 3873, desi4nated
3•73-I8, was obtained from Dr. Reed in November 1952. This strain had
been isolated as a single colony after passage in ini.zmals. Growth occurred
in all cultures except 3709.

(U) Strains V, VII, VIII, and IX were received in 1952 from Dr. Francis
8. Gordon rf the former 4V Division, Fort Detrick, who had received thet
from Captain T. Tulgo of the Turkish Army Veterinary Laboratory at Ankara,"urkey. Thes, cultures had been isolated from human cases of glanders and

vere reported to be "suitable for the preparation of complament fixation
antigens but not for agglutination tests." Some cultures gave rather strik-
ing a•nd peculiar colonial for-is on beef extract glycerol agar, inc:.uiing
vivid yellow to a.mber color, -ucoi,! consistency, and a marked tendency
toward wrinkling.

(U) A period of approximately one year was spent in preliminary 5cruen-
ing studies of these strains. Each one was cultured, passed a number of
t,imes through guiL-ea pigs and hamsters, ani the MLD or LDro determined.
PrelLm:nary studies on resistance to drying, aerosol stability, ind anti-
biotic therapy were also conducted.

(C) Because 3873-1 proved to be the only consistently virulent strain,
it was selected for more detailed studies. The aupearance of four-day-old
colonies is shown in Figure I. Unlike many of the other strains it did not
produce rough or distlnctly yellow colonies on beef extract glycerol agar.

(U) Strains XM-A, A.M-3, and XM-C were obtatnel frrm Col 4. B. Starnes

of the Walter Reed Army Institute of Research, ,iashinton, D. C. in 1957.
No studies have been coni!ucted with these three straLns.
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Figure 1. (U) Four-Day-old Colonie 5 of 3873-18
(FD Nag C- 5)
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B. (C) CLMWRE PROCEDURES

(U) The liquid culture nedtum succeAsfully employed for the growth of
A. mallei by iillerl/ and other tlnestigu*ors had the following coamposition:

Beef Extract 0.3 pe" cent
Bacto Peptone 1.0 per cent
NaCl 0.5 per cent
Glycerol 4.0 per cent
pil adJusted to 8.8

This medium of beef extract glycerol (BEG) was adopted without extensive
preliLminary investigation on the basis of the high bacterial. counts
recorded. The additici of 1.5 per cent agar to the beef extract broth
ýrovided a solid "dium fir surface growth and colony counts. A tempbra-
tiare cf 37"C was found opt.mum for incubation. Aeration by agitation on
a r"ciprocatLng shaker for 48 hours gays bacAeriaU, counts of I to 2 x 1b00,
compared with ccunts of approxLi;atealy I x 10 in stationary flask cultures.
Agitation at co,.sta&nt ternersture was accomplished in a water bath (Figures
2 and 3) mounted on a laboratory-type reciprocating shaker. Different sizes
of Erlenmeyer flasks filled with liquid mediua to 10 to 40 per cent of their
capacities were ujed for 100 milliliters or less of culture. A special,
Slow-form flask (Corning No. 4444) of 20C0-milliliters capacity was __- Vor
volumes or 1000 to 1500 milliliters.

(C) Fifteen liters of culture were produced in five-gallon ca.rboyi in
the following jaznner: Beef extract glyce-ol broth containing Dow-Corning
Ant tfoiA A was sterilized and cooled to 37'C. The medium was inoculated
with a 24- or 48-hour,* broth culture in an amount equal tc five to ten per
cent of the volume of the medium. The i.nocula~ed medium was aerated during
incubation with equipment pictured in Figure 4, with air supplied thrnugh
an orifice at the rate of one-half liter per litor of culture per minute.
Filtered, compressed air was introduced or filtered air was drawn into the
grow-th vessel by applying negative pressure to the effluent air line. Ha.xi-
,=m viable cell counts were obtained after 48 hours' incubation at 37'C.
The resulting culture was very turbid and somewhat yellowish. The culture
suspension was forced through sterile r.ibber tubing to a Sharp•les supercen-
trifuge and concentrated to a paste. Eighty to 120 grams of :acked cells,
containing I011 to 1012 viable cells per gram, were usually obtained from
15 liters of culture.

(U) Concentrated cells of A. mallei were also obtaLnad by inoculating
BFC agar plates each with two-tentrhsnilliliter of a, liquid culture con-
tainin', about 1 x 1010 viable cells per milliliter. After the plates had
incubated for 48 hours at 370C, the growth was scraped from the surface
of the plate with a glass rake. Approximatel.y eight milligrams of cells
were obtained from each square ct-ntimeter of medi.m surface.
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Rubber Holder Heating Element
500 Watts

Di-ensions: 12" x 13'ý" x 6`m1"" ~Thernostat

Figure 2. (U) Lucite Water-Bath Attachment for Reciprocating
Shaker with 2000-KI Culture Flask.
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(U) In later studies, sorbitol was a satisfactory substitute for
glycerol Ln the BEG ,iedium. Optimum growt., was obtainod when two per cent
(weight per volume) of crystalline d-sorhltol* was used in beef extract
medium. Two other commercial sorbitol products gave unsatisfactory growth.

(U) The method for determining the viable cell count of A. =:laci
V cultures was identical to that used by .4iller ýt al,l/ which has been

successfully applied t many other bacterial specT's-at Fort Detrick.
Ordinarily, tenfold di utions of the suspension to be counted were made
in distilled water blanks and those higher dilutions estimated to contain
countable numbers or cells in one-tenth millilitr were used for :coding
BECA plates. One-tenth milliliter of the appropriate dilution was streaked
over the surface of each of three agar plates with spreaders. Colonies of
most strains could be counted conveniently after 48 hours' incubation at
37*C, although the more rapidly growing strains were sometimes ready for
enumeration after 24 hours. All plates having less then 300 colonies were
counted and the resulting figures were applied on a "weighted" basis" in
calculating the average number of living cells per milliliter. Several
common 1' used diluting solutions were tested for their Suitabillity in the
quantitation procedure, but none offered any apparent advantage over dis-
tilled water.

C. (C) INTECTIVITY AND VIRLENCE STUDUiS

(U) Shortly after receipt by 50 Division, several colonies from each
of the strtins of A. sail& i listed in Table II werespicked and individually
grown in BEL, roth. quantitias of approxixately 10 cells were Injected
intraperltonaa.lly into male guinea pigs. Cultures of some strains killed
the injected animils but others produced only chronic infections which
were evidenced muh later by healed lesions at the site of injection and/
or aicroscopio evidence of pldidaymitis. None of the surviving animals
developed a positive reaction to undiluted mallein when tested up to 40
days after infection.

(U) It soon became s-pparent that the guinea pig could not be relied
upon as a test animal because response varied widely from test to test.
The Strauss reaction was obiaLned infrequently and only in thosa animals
in which a subacute or chronic disease was produced (Figurez 5, 6 and 7).
Canadixn workers also reported unsatisfactory experience with the guinea

* ObCtainod from Atlas Powder Company, Wilmington, Delaware.
* The higher dilutions figured less prcMinently in deriving the average

counts.
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TABLE 11. (U) EFFECT OF AN.\IMAL PASSAGE ON ThIE VIRUzLLCE OF
VARIOUS ACTIMOOACILLUS 4AIIEI tTRAEI.S

LNITIAL IPLD5o, 1O8 cells FINAL IPI,D5O/, 108 cells
ST, A IN

GqLnea Pig HaMster Guinea Pig Ham.ster

-np 4.5 1.0 1.0
C6 1.0 1.0 1.0
C5 1.0 1.0 1.0
C4 1.0 1.0 1.0
C3 1.0 1.0 1.0
3708 5.2 1.5 9.0
,384 12.0 0.01
V 1.5 1.5 9.0
VIi 1.5 5.3

Vill 1.5
Ix1 1.5 1.0

a. After repeated passage in the two anLmals.

(C) The availability of hamsters shortly after this work was starte,'
provided a more uniformly susceptible and reliable test animal. The aval-
able ,trains were tharefcre pas$ed in these animals several times by intra-
peritoneal injection followed by a vlruzlence titration. For ex":ple, a
smooth colony ty,. of strain C-3 was carried through seven guinea pig pass-
ages (large rumbers of organisms wire necassiry) and then through 13 hamster
pa~sag;e5. The LD5n obtained in tht subsequent virulence titrations in ham-
sters was still 10O viable bacteria. Similar results were noted for colonies
of each of the other strains. As uidicated in Table 11, repeated animal
passage witnout subcul•turing on media dil nit enhance virulence for either
guinea pigs or hamsters. This was true of %11 colony types studied. In
addition, aerosol challenge was usuailly not significxntly effective in pro-
ducing infection or death in hamsters and guinca pigi.

(U) Strain 3873-13 nad a very h:gh degree of virulence for the ,arster.
Previous investigators reported that the minerma- intraperttoneal lethal
dose of the lyophilized sa.mple for hamsters was one to ten organisnis; t'he
respiratory dose was less than 20. These data were approximated and
repeatedly obta:ned in =a.ny trials.
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4',

Figure 5. (C) Lateral View of Well-Developed
Strauss Reaction. (FD Nag B-396Sý

Figure 6. (U) Strauss Reaction with Necrosis
of Scrotum and Fistula Formation.
(FD Neg 3-3968)
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4tL

Figure 7. (U) Close-Up View of Teiticles in Figure 6
Showing Ext-a•asation of Liqueriad Exudate
as the Rat4lt of Incising the Sc•Otum.
(rD Not 9-3967)
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(C) A careful study of the colonial type indicated that 3873-18 har, n
marked degree of colonial stability, producing more than 90 per cent of the
smooth, buff-colored colonies on BFGA medium(Figure 1). These smooth colony
type organisms were uniformly virulent for the hamster and were selected
for all subsequent studies with this strain. A total inoculuim of 104 cells
or higher usually killed the hamsters in 48 hours; lower numbers were lethal

V within ten days. Animal.- dying of the disease contained large numbers of
organisms in toe lungs, blood, and all visceral organs. Heart blood, liver,
lungs, spleen, and testes were routinely examined and used for culturing to
recover the organism. Animals dying within one or two days had acutely con-
gested visceral organs and lungs. Those surviving for longer periods con-
tained num"--: casAnous lesions in the various .rgins which tended to enlarge
and coalesce if the animal survived for as long as six to ten days. The
gro4s and microscopic pathology crqormed in all respects to 1"t described
comprehensively In DRKL Report 412.-' and in 4pecitl Report 53.=/

(U) No caees of chronic infection were produced with Strain 3873-18 in
its Lnitially virulent condition. Those rare animals that survived for
more than ten days after injection with the highest dilutions (ten cells
or less) shoved no evidence of infection. Those receiving more than 100
viable cells by injection or aerosol almost invariably died within the
first few days of holding.

(C) In early work with Strain 3873-18, aerosol trials were made pri-
mnrily to determine its respiratory virulence in hamsters. The pri.parations
tested Lncludeod 48-hour undiluted BEG broth culture, 1 to 100 and I to 1000
dilutions of culture in BEG broth, and cell concentrates resuspended in
distilled water. The cloud was generated by a Chicago-type atomizer con-
nected to a constant feed device which provided a steady delivery of the
slurry at a predetermined rate. Primary air for generating the cloud was
supplied by a device for regulating the air preissure. The suspension was
atomized into the 4800-liter test chamber. A fan with a 12-Lncn blade
running at 230 revolutions per minute was activated duri.ng the time of
aerosol generation and for a tvo-minute ptriad thereafter to insure cloud
homogeneity. Because of difficulty in handling hamsters it was necessary
to place them in a hardware cloth cylinder vnich w;%s then inserted into
the aerosol chamber. Impinger samples of the aerosol were taken simulta-
neously with animal exposure to ascertain the concentration of organisms.
Animals exposed to the same aerosol concentration were caged together.
Calculation of the LD5O by aerosol inhalation c&.not be considered precise
because of tne small numbers required for a lethal effect. However, a rather
consistent death pattern was obtained with a given range of fig'.res for the
estimated ithauled dose (Table III). On the batis of these experimental
data, the respiratory LD50 for hamsters is 27 viable cel:3, as calculated
by the Reed--eunch method.
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TABLE I1l. (U) VIRULENCE OF ACTINOBACILLUS SALLEI,
STRAIN 3873-18, FOR A1AMSTR5 CHALI.-ýG.•D

BY TME RFSPrRATORY ROUTE

DOSAGE RANGE, TRIALS, AVERAGE DOSE,
viable cells number viabli cmlls DEATH/TOTAL

1-10 4 4.5 4/12
10-100 6 60 27/32

100- 1nnW) 11 514 69/69

(U) Swiss-Webster mice (Detrick strain) we-e challenged by the intra-
peritoneal routb with Strain 3873-18 of A. malldi with dose' ringing, from
20 to two million viable orgAni ms. No oMaths occurred in any or the in-
jected a.nimmal-z :during a 21-day holding period. At the termination of the
experiment all aninals were sacrificed and the lungs aid visceral organs
were cultured to detect any viable A. ,-allel organisms present. Because
no evidence of infection was found, it assumed that this species of
rodents is quite resistant to this strain.

(U) Rhesus 2onkeys were injected intraperitoneally with a suspension
of Strain 3873-18 containing 27,000, 14,000, and 1,400 cells, respectively.
The only evidence of infection was the formation of an abscess at the site
of injection 1n. the animal receiving 27,000 orga-,tsms. No gross lesions
were noted in the viscera or lungs when the ani.mals were sacrificed 14
days later. In an experiment conducted to expose monkeys by the aerosol
route to sL-ilar doses, only one monkey was enposed because of mechanical
difficulties. It received an estuvated 1,500 viable cells without showing
evidence of infection. Because of the inability to eatablish infection,
and because literature ceports iic.e' that monkeys have a natural resist-
ance to glanders, no fui'ther experLiwentr were conducted %ith this animal.

(U) After approxinately one year's work with Strain 3873-18, it under-
went a malrked drop in virulence that cculd not be explaimed. A number of
anmaml passages were carried out and different colony selections were
chbcked for virulence i.n an effort to derive a sub-strain having virulence
approachiung that of the parent strain. Selected isolates killed hamsters
by intraperitoneal injection in rather low numbers, i.e., 20 to 1CO organ-
isms, but death patterns were erratic and virulence va-ted considerably
from test to test. About the time this difficulty was encountered,
Ca.nadiaz workers 'qýe,ýrience, a similar drop in virulence for their cul-
tures of thlis same strain.'/ Additional cultures received from the
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Canadians it a. !--tr date w~ee also variable in their lethal effect for
hamsters. Determirnations of virulence made in 1958 on stored preparations
of Strain 3873-18 indicated a further loss so that approximately 108 cells
are required to kill hamsters by the intraperitoneal route.

(0) The prolonged and fruitless effort spent in trying to regenerate
and to maL.tiin high animal virulence in A. mallei by animal oas~age !.ndi-
cates the Inherent difficulties. The value `o-this organism as a BW agent
undoubtedly depends on acquisition of virulent strains or their development
through genetic selection. Proven procedures for mAintaining virulence are
also needed. Rven though such an undertaking has merit, the resources of
Special Operations Division did not permi•t a research program of this Irope.
&he lose LA virulence reported hore and noted by other workers was an 1i17r-

tant factor in the decision to discontinue the screening of A. mallei...

(U) If a virulent strain of A. mallet were to be acquired or developed,
the research reported in Sectioni ,-iiD through III, H might be applied to
the new strain to avoid duplication of that narlier work. For that possible
future value, in account of the early work is included here.

D. (U) Li1 VITRO ASTIBIOTIC SENSITIVITY TESTS

(,;) Several strains of A. %a.lei were toted for susceptibility to six
Co=erlny used Antibiotics by two comparative procedures, (a) the tube test
method, and (b) the Impregnated disk method. The first procedure, the tube
text method, consisted of incorporating different concentrations of an anti-
biotiz. in standard broth medium and inoculating the tubes with one-tenth
milli-iter of a freshly grown liquid culture of the organism. Contra!
tubes of broth meodiu containing no antibiotic were also inoculated.
Uninocilated tubes of broth served as negative controls. All tubes were
observed after 24 and 48 hours' incubation at 37'C and compared turbildi-
metrically with the control tubes. Evidence of inhibition was most appar-
ent in 24 hours' in'ubation; the minimum inhibitory concentration (.MC)
increased twofold to fourfold at the 48-hour reading. Usually the 48-hour
MIC level wa.s the lethal concentration also, because living organisms could
not be recovered from the tubes lacking turbidity. Table IV shows the .4IC
levels for the various strains studied. These findings were confirmed by
duplicate tests. At low concentration chloramphenicol often inhibited mul-
tiplication for a short period, followed by a profuse overgrowth.

(U) Good correlation and confirmation of the tube tests were obtained
with impregnated disks by using comercially prepared tabs* impregnated
with various strengths of the respective antibiotics. The results are
shown in Table IV. In this procedure a thin film of liquid culture was
spread on BGA plates and a number of' antibiotic disks were placed on the
inoculated surface. The diameter of the area of -i'.hbition was meaiured
24 and 48 hours after inoculation,.and the MIC was determined by comparison
with a chart supplied with the disks.

C Difco.
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(1;) : "*h.. same test, ch.or& pnen .-co1 inhhit.,d <rowth two to three
hours btfor,. the or4anzsm ,rew around the (d5sk This M14ht account for
the discrepancy n-ted betwe-n the two .,t-iods for ')train 3708 (Table IV).

(V) Nx4g and coworkers hae indicatel that the re&.lted organi3m, P.
pseudomallei, may be differenttated fr-n some strains of A. Mallei on the
ba3si of susceptibility to certain ant:i.otics; for insta;.ce, .. naliei is

sensitive t.3 streptom.-cin, P. ps,:udoma,!.!- is usually resistant to this
ant ibiot ic.;/

E. (C) AZ]0oDn. STU31.UIY

(C) 3efore the arr.val ofwvrulent •train. 3473-i8, prel inary
tests were carried out with other strairs to 1ýarn something of the aerosol
prooerties of A. mallei. For the most part the data were erratic. It was

not readily apparent whether this incons-stency reflected variations in

agent preparations or var:ations in nechanical and technical conditions in

the test chamber, or a ccabinatiun of both.

(C) Extensive aerosol studies were conducted with Strain 3873-18, the
Strain selected for major emphasis. Liquid cultures of tnis organism were
produced e-ther in snake flasks or in a f-ve-gallon carboy (described pre-
viously). The cell suspension (slurry) prepared by diluting a culture in
broth was supplied to a Chicago-type atomizer through :%ubber tubLng from
a constant feed device. The slurry was atomized with compressed air at
ten pounds per square inch in the 4800-liter test chamber maintained at
70'F and 50 per cent relative humidity. Aerosol recoveries from a large
number of such trials varied considerably, although most were noted to
fall about the mean of five to six per cent fzr the one-minute period
after aerosolization. Subsequent cha•ges in standard .cthods of aero-
solizing And sampling, •long with -echan.ical improvements in the tank,
undoubtedly would provide more consistent data. Because of the marked
variation in recoveries from test to test, it was also impossible to be
cer-tain of the effect of variations in temperature .and humidity on the
aerosols. h.he data sugsest, however, that ta-peratures lower than 70OF

and relative humidity values higher than 50 per cent would result in
hi.ghest recoveries.

(U) The results of aerosol field trials with Strain 3873-18 conducted
by Canadian workers of the Suff:eld Station in September 1953 was reported
in August 1954.0

e Trial Record 190, Suffield £'cperim-ent Station, Ralston, Alberta, Canada.

SECR.ET 35-F-D-rS-796.
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F. (u) srorucE STABILITY OF LIQUID SUSPENSIOSS

(U) Data reported by Miller et al]./ indicated that optimil storage con-
ditions were attained at 20 to 25ffC by starting with dilute suspensions
(107 cells per milliliter) in fresh broth and allowing slow growth during
storage of several weeks. Some loss in virulence occurred during storage.
When more concentrated suspensions (1010 cells per milliliter) wpre used
for storage, a marked loss in viable cell count was noted within two weeks.
The latter finding was verified by current work at BW Labs. Suspensions
containing 109 viable cells per .. llliter contained relatively few viable
cells after two weeks' storage at -60, -20, 0, and 25*C. Instability of
stored liquid cultures was atin ohserved by the Canadians, wiho reported a
drvp in viable count and virulence of a suspension held for several weeks
for wind tunnel trials.Z/ In prelitinary storage tests at 41C the sane
grcup reported good stability for two to three weeks followed by a rapid
fall the followinz week.

G. (C) DRYING STUD!ES

(C) Contrary to results previously reported,!/ most of the available
stra:as of A mallei were dried with reasonably good recoveries by two
different n•thoTsT-

(C) In the first method, thick suspensions of cells obtained from solid
or liquid media were thoroughly mixed with an equal volume of five to 50
per cent egg white. The resulting preparation was spread in a thin layer
on 18-inch by 18-inch pieces of safety glass and allowed to dry at room
teperature under a stret.z of air from an electric fan. When the fiLm
appeared to be dry, it was removed ,ith a hand scraper fitted with a sngle-
edge razor blade insert. The resultant flaky material was collected on
paper and stored in a glass container unti-! it was ground.

(U) A 30 per cent viable recov•-y was usually obtained that resulted in
=aterix.L with counts of 1010 to lOlr cells per gram. This product was
grc-.:=d in a mortar and pestle (urin4 early work and later in the Tanner Spin
Mill (Fi,;ures 8 and 9). Approxiziately 50 per cent of the viable count was
lost during grinding by either method. 4,rtar grinding produced relatively
large polyhedral, crystal-like par~icles which contained embedded bacterial
cells. Particles from the Spin Mill treatment were round and more unifor-n
in size Stability studies with simulants indicate that egg white does not
ern2h.ce stability but it does serve to separate bacterial cell., and to per-
mit grinding to a finely divided state.

(1) In the s( ond method, suspensions of cells produced c: solid nediun
or in a five-gall n carboy were thoroughly 2--,ed with various diluents
(eqal volumes of cell concentrate and of suspending fluzds). The resulting
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Figure 8. (U) Motors and Housing of Tanner
Spin M4ill Installed in Class III
Safety Cabinet. (FD Nag C-3731)

Figure 9. (Uf) kotor Housing of Tanner Spin
Mill. (FD Nag C-3730)

CONFIDENTIAL

_ - ..... -- - ;, = ,.. ' . ;,,- m • m m ii1 ll l III i I I I m ii Iii i II I I l •m li II I Irlliil"ll 11 i l lm



CONFIDENTIAL 33

liquid was poured into a Mylar-bottomed tray, frozen, and the frozen cell
suspension was lyophilized in the frPeze-dryer.* Lyophilizatlon was carried
out with or without infrared radiation from above and beneath the trays,
Figures 10 and 11.

(U) Although the products from the above drying processes had somewhat
greater storage stability than the liquid agent, their behavior as aerosols
%as disappointing. Virulence of the dry agent, determined by reconstitu-
tion and intriperitoneal injection, also was quite variable from lot to lot.

H. (U) H-LA.• IN'ECTIO.NS

(U) A search of the literatui, for recent ytars r-eoled little dfailed
information on cases of human glanders with the exception of accidental
laboratory infections at Fort Detrick. The six clinical caMs were reported
in the open literatureŽ/ and de:ailed in Special Report 53.1/ Although
these cases could be classified clinically as mild, the period of disability
was lengthy. Available evidence suggests that the infecting dose probably
was low. The extent of the pathological process also was probably limited
in view of the reported clinical findings and the failure to isolate the
infecting organism. In all six cases sulfadiazine proved to be an effec-
tive chemotherapeutic agent.

(U) In 1953, a moderately severe case resulted from an exposure of
unknown so,.rc: at Fort Detrick.2/ The 32-year-old typist infected did not
work with the organism and ordinarily did not visit the laboratories. How-
ever, a laboratory accident several days before he became ill had allowed
potentially contaminated material. to escape from the Class III cabinet.
Apparently the proximity of his office and the contaminated laboratory had
allowed his exposure to the agent.

(U) The onset of symptoms was gradual and consisted of chest pains,
ready fatigability, and night sweats. When first seen by the physician,
he had a temperature of 0l1.2'F. A chest X-ray revealed an infiltrative
process extending from the left hilum to the level of the first rib with
a two-centizeter cavity in the second left interior interspace. Only
slight elevations in leukocyte count and erythrocyte sedimentation rate
were noted throughout the illness. Other routine laboratory findings
were essentially negativa. Appr-:.:-.tely eight days aftar his admission,
the serum agglutinin titer for A. mal!i was l:,^4O and later rose to
1:256Q. The complement-fixation test was negative. After his admi3sion,
numerous Gram-negative bacilli were isolated from the sputum and identi-
fied as A. mallei. The orgsnism was (a) sensitive to therapeutically

*Dry-Freeze Corporation, Chicago, Illinois.
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r igu 10. (,) Moetal L.'philLzor Tray vith qylr•r
Plactic Bottco. (YD Nos C-3732)
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xgur• 11. (U) ?Frez--T"yer Apparatus and Controls
fustxlled L', Class In Cabinet.
(FD Net 3-3523)
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attainable levels of chiortetracycline and oxytetracycline, (b) moderatelysensitive to streptomycin, and (c) resistant to penicillin, bacitracin andchlora-.phenicol. The mallein skin test was negative on repeated occasions.The patient was treated with chlortetracycline for 28 days during whichtLne his temperature rose from 99 to 99.4'F almost daily. He was allowedup on the fourteenth day of hospitalizat ion but continued to feel weak.
After discharge, he was on sick leave for 12 days.

(U) The picture was complicated slightly by the fact that this patientreacted to coccidioidin (1 to 1000) by skin test, although previously hisreaction had been negative. This finding led to the additional diagnosis
of inagparent coccidioidoeycosis.

(G) The glanders orv•nism isolated fr., this patient possessed vilrulencefor haasters similar to tnat of Strain 3873-18, the one which presumablyproduced the infection. Later, the culture undervent a gradual decline invirulence and can nov be considered vithout lethal effect for hamsters except
in nassive doses.

(U) This case report emphasizes the finding of Howe and Miller,j/ whoalso stated that the agglutination-.iter det-rmination is probably a morevaluable clinical test for the diagnosis of glanders than the compleaent-
fixation test.

CONFIDENTIAL
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IV. (U) PSEUDOMONAS PSEUDCIALLEl AXMD MFLIOIT)OSIS

A. (U) DISEASE HISTORY

(U) Melioidosis, a disease closely rereabling glanders, was first
r'c~gnized by Whitmore and Krishnaswamil./ in 1910 and reported in the
literature in 1912. Between 1912 and 1947 slightly more than 300 cases
,-z•re reported. It seeam probable, however, that the disease has been
sor-e prevalent than these figures suggest, because a study of approximately
3,000 post mor-tans in Kuala L ur betweem 1928 and 1930 reveeled four and
five-tenths cases per thousend._._ The prohibition of pos' t ,-tax exatr'.na-
tions by various religious groups has probably prevontod invs lgai,-rs rro'
finding a greater incidence of the disease In -arin.,s parts of tni wor'..,.

heo varied manifestations of the disease And the d.Lificulty in .ff'er-ntiat-
int tho esuotative soort from h~.)i., sL.axllar L.~ctur±a ai-0 xao be~-
lii'wd to have contributed to the small nAmber of cases reported. The rec-
ognized disease is still unc n, but a report of several cases in Indo-
Ciini was published in 19531; t. 1957 a case was diagnosed in an American
scrvicemsn stationed in Panama. Melloidosis has been reported from Australia,
BurmA, India, Federated Malay States, China, Thailand, Indo-China, Ceylon,
rotch East indias, , )outh Africa, Guam, North Auerica, the West
Izdies, and Pan t $

B. (U) DISEASE DESCR.IPTION

(U) Melioidosis in its acute form is usually fata-l within a few days
a-fe*r a sudden onset. The symptcas and mAnifestations vary considerably,
dopending on the extent of the infectious process and the areas of the
body affected. Clinically, it may simulate syphilis, smallpox, tuber-
culosis, malaria, cholera, glandsrs, and other diseases. Unlike glanders,
aslioidosts has been noted in epizootic form in laboratory rodents. The
nat•rarl infection also has been seen in dogs, cats, horses, and sheep.
Pathologically, the disease may be dascribed as a pyemia closely resembling
gs.nders in which the liver, spleen, lungs, skin, and other tissues and
organs contain multiple small abscesses that frequently coalesce to form
larger lesions. The chronic form is rare, but it often results in an
i-1ness with much sufferi-g and marked ijncapacitation lasting for years
before eventual recovery or death. 1 3 !'

C. (U) TIRA.%4I SSI ON

(U) The reser'roir of malioidosis i3 not 'cown; although the natu-al!
infection has been seen occasionally in wild and labor'ator-y rodents. In-
land bodies of water have also been reported to contaLn the or£an•
H,-.mans apparently derived the infection frt• the wvater.1Ti,, 2161/
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(U) Stantcr and FletcherI/ concludod that food and drink contaminated
with rodent excreta w1 probably the sources of infection. However, Alain,
St-Etienne and keyne&=/ found ortly one infected aniaal in 20,000 rats
examined in SAigon, and Voucel.L../ found none among 560 rats from the Tonkin
area.

(I) Exper.nta1ly, Pseudomonas pseudnmalei has been transmitted by
the rat flea'/ eand Aedei mosquitoCA/ but it is not known whether
any human in :ct.ions -have been contracted from these potential vectors.

(U) Man-to-san transmission has not been d~umonstratod, even though
special precautionary measures were not taken in hospitals where patients
vit. open 14lsions were attended, and in laburatories where cultures and
infcted arzials have been kept. 1_

(U) Although the epidemiology of nelioidosis is poorly understood, it
seems reasonable to assume that the disease could be trmasmitted by a
variety of means similar to those mentioned for glanders. The frequent
involvement of tne lungs in human ca.ses and the known susceptibility of
ani=als to air-borne organisms strongly suggest that the respiratory route
was the avenue of infection in many instances. Patients demonstrating
pulmonary localization with septicemia are considered IQ have a more grave
prognosis than those with other forms of the disease.12/

D. (F) PROPHYNAXIS AND THERAPY

(U) There is no vaccine of proven value for prophylaLxis. However,
autogenous vaccines are useful in the therapy of zhronic cases.22/
Although certain commonly used antibioutcs have proven effective in vitro,
resistance in vivo has been observed to develop rapidly in ct.rtaln in-
staWInces.2 3 t '-A e sent, chloramphenicol is considered by investigators
familiar with the disease as the drug of choice for treatment, _12.2__/ but
the antibiotic spectrum of the particular scrain would be a deci!ive
factor in the choice of therapy. Most recent clinical trials using
chloramphenicol in large, sustained doses indicate that the mortality
rate may be substantially reduced V suitable antibiotic therapy is
instituted early in the disease. 12/

(U) In mmay human cases of acute =elioidosis the causative agent was
not recognized before death.24/ Apparently those unfamiliar with the
disease or the bacterium night regard isolates of P. pseudomallei as a
contaminate, or confuse it with secondary pathogens similar in morphology
and biochemical properties.

(U) Pathology of melioidosis resembles that of gltnder3 except that
the former is usually more extensive. A comprehensive compilation and
description of the morbid anatomy of many human cases are found in the
classic book of Stanton and Fletcher. _
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E. (U) CAUSATIVE ORGANISM

(U) P. pseudomallai is a short, Gram-negative rod closely resembling the
glanders bacillua; both have a bipolar appearance after staining with aniline
dyes. Unlike the A. mnllei, however, it exhibits serpentine motility, with
its lophotricate flagel-a-. It is also capable of fermenting certain carbo-
hydrates to form uaall quantities of acid without gas. The incubation period
for good grow-th of P. psedomaalli is about 24 hours, cow.parsd with that of
48 hours for A. helt.i. tAina/has shown that the metabolic pathways of
these two orgini~s--also are divergent.

(U) Although ro particular coloniaJl type can be related to animal viru-
lence, rough or corrugated forms are isolated more frequently from
hxman melioidosis.Ll/ In addition to the glanders bacillus, P. pseudcaallel
also is sometimes difficult to differentiate b ý,,aboratory tests from other
species of PseudomonAs. Wetmore and CochenourL_./ suggested that certain
biochemlcal reactions are useful in differentiating these species from one
another.
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V. (C) EXPERIMENTAL STUDIES ON PSEUDO.hONAS PSEUDOMALLEI

A. (U) ST•AINS OF P. PSEUDOHALLEI

(U) P. p*Isudomil.ei strains received at BW Labs from various sources
are described in Tible V. Virulence determinations were performed on the
first eight strains listed, but oc'y Strain 8016 has been used extensively
in screening studies. The experimental data to follow were derived from
the rough form of this strain except where otherwise indicated.

B. (U) CULRURE PROCEDURES

(U) The media and methods for growing A. maullei were suitable for P.
pseudoma.llei, indicated by the work of MillerSiT.i/ Both glycerol
and sorbitol promoted growth in solid and liquid media. Maximum growth
for A. mallsi was obtained in about 18 to 24 hours in flasks or in five-
gallon carboys by using the apparatus shown in Figures 2, 3 and 4. Counts
of 1 to 3 x 101O viable cells per milliliter for Strains W-294 and 8016
wert routinely obtained under these conditions by using one to ten per
cent inoculum from a fresh broth cultuze.

(U) In addition to the beef-extract base media previously described,
the results of preliminary experiments indicated that casein acid digest
(CAD) also can be used as a bas,.c constituent of a liquid medium for the
cultivation of P. pseudomallei. This medium contains the following ingre-
dients:

Casein acid digest 0.85 mg of amino nitrogen per ml of final
volume

Yeast (paste, Vico #75) 6.0 gm
KH2PO4  2.78 gm
K2 HPO 4  1.16 gm
Cerelosa* 10.0 gm
Distilled water to 1000 ml
pH 6.9

Counts as high as 6.0 x 1010 viable cells per milliliter were obtained
in this medium alter 24 hours' incubation at 37'C by using a one per
cent inoculum.

(U) The subcuituripg of rough and smooth coluoial forms of Strain
8016 in the CAD medium had no apparent effect on the virulence for ham-
%tr¶ Lfected by the intraperitoneal route (Table VI).

SCerelose added after stcrilization.
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TABLE V. (U) HISTORY OF PSEU•I•ONAS PSEXIOMALLE7 STRAINS HIELD AT BW LABS
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TABLE VI. (1j) VI'LECE A.%D VIABLE CELL CA_'('TS OF ROUGH AND SXOOTH
COLONIAL FOW4S OF P. PSEUDO4AI.LEI AFTEk SUBCULTURE IN

CASEIN ACID DIGEST BROTH

YIALE CELL HARSTER LD5o
INITIAL VIABLE INITIAL COUNT AFTER AFTER

COLONY TYPES CELL COUINT, LD50  OE TRANSFFE, ONE TPANSFER,
CULTURE l010/nl cells 1010/1l cells

Smooth 1.2 1.0 4.0 4.0
1-Rough 3.3 3.0 3.3 3.0
2-ou gh 3.5 4.0 3.8 10
3-Rough 0.7 7.0 3.4 10

(C) Beef extract agar containing either glycerol or d-sorbitol was used
as the routing solid medium to deternine viabla cell counts. Colonies -an
be counted on this agar after incubating for 48 hours at 37'C. Plates were
incubated an additional four days ac room temperature to distinguish cola,-
nisil forms. Figures 12 and 13 show colony types obtained from Strain 8016.
Fijgrres 14 and 15 show the predominating colony types from two other strains
grown on BEG agar medium.

(U) Distilled water and gelatin saline wvre as efficient as any of the
sevteral solutions tried as diluting fluids. Howevor, in resuspending cer-
tain dried preparations it wis necessary to add a ourfa•ce-ective agent,
Twen 80, to the water. Distilled water and gelatin saline** are also sat-
isfactory as aerosol impinger fluids.

C. (U) GLNETIC STABILITY STUDIES

(U) The genetic stabilities of smooth and rough colony isolates from
Strain 8016 wern determined by subculturing them directly for six passages
in beef extract sorbitol (BM) broth medium in shake cultures at 370 C.
The final products wrar compared with the first passage culture with re-
spect to viable count, colonial morphology, and virulence for hamsters by
intr.xperitoneas injection.

(U) The smooth types did not give rise to rough colony forms, although

the rughs reverted to smooth forms to a variable extant, depending on the

particular isolate (Table VII). The smooth cultures also give slightly
higher counts in the shake-flask cultures, but the h.Laster virulence remained
unc-anged. These virulence data show no correlaticn betweeni recognizable
colony characteristics and virilence for the hamster.

STwo drops of olive oil served as an efficient antifoam agent.
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Figure 12. (U) Smooth Colonies of
P. ps.udomallei, Strain
ý016,•96 8ours Old.
(FD Seg C-35'9)

Ftgure 13. (U) Rough Colonie3 of
P. pseudomallei, Strain
8016, 96 HIours 014

(FD Neg C-3565)
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Figure 14. (U) Colonies of P. pseudonAllet,
Strain 1454, )6 flours old.
(FD Sag C-3567)

Figure 15. (U) Colonies of P. pseudc-allei,
Strain 14.56, 96 Hours O01.
(FD Neg C-3566)
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TABLE V11. (U) VIABLE CELL COUNTS, VIRULLiCE, AM\D COLONIAL MORPHOLOGY
OF P. PSE.DOMAI.LEI AFTER SUBCULTURING IN BEEF EXTRACT

SORHITOL BROTH

HA24STER LD5o0 VIABLE CELLS,

ISOLATE cells 1010 /f. COLONIAL MORPMIOLOCY, %
Fifth Fifth Fifth

Initial Passage Initial Passage Initial Passage
SA S R

2.0 46.8 4.75 5.77 i00 0 100 0
2-S 3.0 -.8.6 5.04 5.20 100 0 100 0
1 -R./ 1.0 - 5.4 1.40 3.33 0 100 41 59
2-R 1.O 5.7 2.40 1.87 0 100 8.7 91.3

a. Saooth.
b. Rough.

(U) The effect of repeated subculture in BES broth on the virulence of
cells was emphasized in another study with colonies selected at random.
Ten colonies were picked fron a sixth BES broth subculture and checked for
hamsti-r intraperitoneal virulence. A similiar number plated from a stock
culture showed that all of the colonies were virulent for hamsters. These
results iidicate that this characteristic is relatively stable after an
estimated 30 generations.

(U) Preliminary studies indicated that aeration of cultures by shaking
or sparging is necessary for maximum grovth, Therefore, the effect of
varying degrees of oxygen tension on the growth and virulence of cells was
investigated by using virulent products obtained in aerated shake flasks.
Tube broth cultures were started with different quantities of inoculum and
incubated for 48 hours at 371C under static conditions. T1he viable cell
count and virulence of the products are recorded in Table VIII. in most
cases the lowest number of cells injected in'o hamsters was too high to
obtain an LDso. However, if the growth conditions used had decreas,'1 the
virulence of this organism, one night reasonably expect the number of
bacteria representing the LDS0 value to have been much higher. The viable
coll yield of the cultures Licubated under static conditions was about two
logs lover than that in the aerated cultures; again, the advantage of aera-
tion is emphasized.
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(U) Incubation temperatures ranging from 26 to 39'C supported cultures
possessing high virulence for hamsters, although at the lower temperatures
a longer period was required to obtain concentrations of 104 to 1010 cells
per milliliter (Table IX). At 39VC the bacterial populations changed from
rough to predominately smooth colony-forming types, which, aS stated previ-
ously, do not differ in virulence for hamster-

TABLE VIII. (U) EFFECT OF oxYGm.-, rLso.% O TO E GROWTI A.", VI•'LLNCE OF
P. PSEUMfMALI.EI IN BEEF EXTRACT SOR.BITOL BROTH

GROWTH VIABLE CELL COLUN VIABLE CELL CO.%T HAMSTER
CONDITION OF INOCUL124, AFTER I.CUBATION, LD5 0 ,

calls/nl cells/3l cells

Aerated, shake 3.0 x 108 2.3 x 1010 <23
flasks 3.0 x 107 1.6 x 1010 ,Cl5

3.0 x 106 9.4 x 109 4-9
3.0 x 103 5.2 x 109 <52

Static (without oil) 3.0 x 10 1.1 x 108 '110
3.0 x 107 1.0 x 108 <ICO
3.0 x 106 4.0 x 108 ,40
3.0 x 105 1.4 x 108 -140

Static (with layer 3.0 x 10! 8.1 x 107 '81
of oil) 3.0 x 10' 8.1 x 108 V.10

3.0 x 106  5.0 x 107 45000
3.0 x 105  5.0 x 107 '5000

(U) Table X contains the data from experiments in which !_ broth with
and without a layer of paraffin oil and Brewers' thioglycollate medium were
used to culture the orga~nism at 370C. Vir-lence of cells from each culture
was determined in the usual maermet after three weeks of incubation. No
significant differences in virulence were detected as the re-sult of the pro-
longed incubation.
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TABIE IX. (U) INFLCMCE OF INCUBATION TMPERATURE ON GROWTH AND VIMILENCE
OF AERAt-0D B0OTH CULtURES OF P. PSETDGMALLEI

[NCIqArTION VIABILE CELL COLUNT HAMSTER

Temperatuz".- Hours- After Inoculation, After Incubation, LDso,
°C cells/ml cells/ml cells

26 48 5.2 x 106 1.3 x 1010 28.0
5.2 x 105 2.2 x 109 5
5.2 x 10 4  1i. x 109 22
5.2 x 103 1.1 x 109 22

30 48 2.1 x 1.6  7.3 x 109 1.0
2.1 x 10 5  1.0 x 1010 20
2.1 x 104 4.A x 109 -120
2.1 x 103 1.2 x 109 27

39 24 1.4 x 10- 2.3 x 1010 5.0
1.4 x 104 2.2 x 1010 5.0
1.4 x 10 3  2.0 x 1010 4.0
1.4 x 102 2.5 x 1010 7.0

TABLE X. (U) VIIM..L'CE OF BROTH CULTUR.ES OF P. PSEUDOMALLEI AFTER
PIOLONGED IINCUBATION UNDER STATIC CO.NDITIONS AT 31"C

VIABLE CELL COUTNT VIABLE CELL COUNT HAMSTER

GROWTH MEDIUM OF LNOCULL-1, AFTER 3 WEEKS, LD50,
cells/mi. cells/ml cells

Thiogl~ycollite 1.7 x i05 1.6 x 106 28
broth 1.7 x 104 3.8 x 106 1

1.7 i 10 3  7.4 x 106 16
1.7 x 102 3.6 x 10 6  11

Beef glycerol broth 1.4 x 104 3.9 x 105 --
(without oil) 1.4 x 10 3  6.0 x 101 19

1.4 x 102 6.8 x 106 21
14 2.0 x 10 6  3

Beef glycerol broth 1.4 x 104 4.9 x 107 15
(with layer of oil) 1.4 x 103 2.7 x 106 6

1.4 x 102 2.8 x 106 1
14 7.8 x 10 6  2
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D. (U) VIRUTI--CE STUDIES

1. (U) Hamster

(U) A large number of virulence titrations using P. pseudomalleL,
Strain 8016 indicate that the hamster intraperitoneal LD5o for this strain
is between one and tan cells and the re4piratory LDS0 for this animal is
between four and twenty cells. Hamsters given high doses (15 x 106 organ-
isms) by the oral route died from melioidosis; others receiving 15 x 103
and 15 x 101 cells by this route showed no evidence of infection when sacri-
ficed 15 days latdr. Thus, oral infectivity for hamsters does not app ear
to be of a high order; this finding was reported by the NBL group.25/

(U) The gross and microscopic pathology studies carried out on ham-
sters infected with P. pseudomailei agreed closely with the findings of
several other groups. 7_ As would be expected, the lungs of aerosol-
exposed animals usually contained a greater number and more extensive
lesions than those of animals injected or fed the virulent bacilli. How-
ever, these organs were alnost always involved to some extent in the infec-
tion regardless of the route of entry. In addition to the characteristic
lesions pictured in Figures 15 and 17, many of the organs showed either
hemorrhage or ma.rked congestion with edema. Animals surviving the first
two or three days post-infection often were observed to have a discharge
from the eyes and an opacity of the corneas that resulted in blindness.

(U) Gisemsa or other appropri.&te stains for bacteria revealed numer-
ous intracellul.ar and extracellular bacteria in the lesions which were some-
what longer than the for-s seen in broth cultures. The marked tendency for
the necrotizirg lesions to enlarge and coalesce and the miliary aspects of
the lesions in the lungs, spleen, and liver further emphasize the fact that
thm hamster has very little resistance to P. pseudomallei infection.

2. (U) GuLnea Pig

(U) The majority of the rerorts in the literature regarding the
pathogenicity of P. pseudonallao indicate that the guinea pig is very sus-
ceptible to infection with tnis organism. Publications originating at Fort
Detrick and the Naval Biological Laboratories in Berkeley, California indi-
cate that the LD5o by the intraperitoneal rou'e is approximately 500 viable
orga-nis•s. Other sources, ho.ever, report that the guinea pig varies in its
response to infection with P. pseudomallei, i.e., certain animals do not die
when injected with concentrations oF bacteria exceeding the usual LD5 0 figure.
The results of two typica.l experLments with the Hartley line of male guinea
pigsO (350 grams) iuggest that Strain 8016 has an LDSO of about 50 organisms
by the intraperitoneal route c' challenge, and an LD30 of about one by the
subcutaneous route (Table UI)

oFort Detrick stocK.

CONFIDENTIAL

- 7711.. ....... .



48 CONFIDENTIAL

Figure 16. (U) Portion of a Lesion of
Xelioidoeis Adjacent to tA Vein

in the Lung of a Hamater.
(FD Neg C-1555)

FYg-ure 17. (U) Small, Coal.escing Leslons ot
'4elioidosis in Liver of Hamster.
(FD Seg C-15)
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TABLE XI. (U) VIRVL' CE OF P. PSEUDOHA',LSE,
STRAIN 8016, FOR GUENEA PIUS AND HUASTU.S

ROCTE OF LD5o, cells

AN IMA L INOCULATION cp e riLen7t
1 2

fri.e o Pig Intraperitoneal 52 54
Guinea Pig Subcutaneous 1 1
Hamster Intraperitoneal 4 1

(U) In these experimcnts, virulence was deternined by using hamsters
as a control. All animals were held for 14 days. Those animals that expired
four to five days after inoculation were autopsied, and death from maelioidosis
was confir",ed by culturing the heart, lungs, liver, and spleen. Colonies
typical of P. 2seudna lei were recovered from all dead animals. The Strauss
reaction was noted In male guinea pigs dying after the third day of infec-
tion.

(U) In further studies, more variable results were obtaized by using
mixed groups of animals of different sizes And ages; an occasional animal

resisted the lethal effect of as many as io,0OO cells for more than the
two-week holding period.

(U) Microscopic examination of various tissues and organs of guinea

pigs which died from the infection revealed a lesion similar to that noted
in hamsters. However, the number of lesions was less and fewer extracellu-
lar bacilli were present in those lesions. In many cases, the extent of
the infectious process did not seen to justify the death of the animal. It
seems logical to assume that a tox,..tia resulting from proliferation of the
organisms has much to do with Vi* fatal termination. Such a phenomenon
probably obtains in human cases also, where the extreme e~maciation described
is far out of proportion to the infectious process.12."1_/

3. (U) Monkeys

(U) Rhess and cynomologus monkeys injected intraperitonreally with
30 to 50,000 viable cells of P. pseudomallei showed no evidence of progres-
sive infection. However, an abscess was produced at the site of injection
of the monkeys receiving the highest dose (50,000 or.niams). This abscess
healed within the holding period of two weeks. Gross examination of the
lungs and viscera failed to reveal any lesions attributable to ?. *pseudo-
mallei. Because the first six virulent strains (Table V) gave sim==7
results, it was concluded that both species of monkey were relatively

resistant to in"ection with P. oseudonallei by the intraperitcneal route.
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(U) Three monkeys were successfully infected with P. pseudomallei.
Strain 8016, when challenged by the oral route with lavge 7.umers of organ-
isms. One, fed a biscuit containing approximately 101U viable cells, died
14 days later of uelioidosis. The other two monkeys, injected with approxi-
mately 109 vlablR organisms directly into the stomach by means of a catheter,
were infected vrtL P. seudomallel as evidenced by an increase in agglutina-
tion titers, an iz.:,-se ir•the number of circulating white blood cells, and
by the isolation of i. pse.udomatlei at the tize of sacrifice.

E. (C) AEROSOL STAMILITY STUDIES

1. (C) Genertl Procedure

(C) Many aerosol tests have been carried out with P. pseudomallea,
Strain 8016. In geneo'a!, the results indicate that this organism i' at
least as stable in amr.zol form as certain other vegetative pathoge, Lc
bacteria, i.e., Pasteurella tularensis, Pasteure, a pestis, and certain
species of BruceM.

(C) A series of aerosol runs was made wtth beef extract sorb~ol
broth cultures of P. pseudomAllex grown in 1500-el quantities in 2000-el
L'lensmeyer flasks on a water-bath shaker at 37%C. Fifteen hundred millil!-
tars o6 broth were given a ten per cent inoculux from a culture containing
5 x 10• cells per milliliter. After 24 hours' incubation, a sample was
sithdrawn for aerosol recovery determinations and viable cell counts. A
ten per cent inoculux from this culture was used to seed another 1500 milli-
liters of beef extract sorbitol broth. Fresh cultures were provided daily
for three days for aerosol evalu~ion. The material was aerosolized into
a 4800-titer test tank by means of i specially constructed spray-gun device,
FK8 (Figure 18). From simulants, the FK8 has produced sma.ll-particle aero-
sols ranging from two to five microns in diameter with a uniformly high
recovery rate. No significant difference wsS found between production
batches of the liquid agent nor was any effect noted with chan.ge in rela-
tive humidity. A su-ary of the data from these trials is shown in Table III.

(U) Lots 1 through 5 were produced serially in 1500-ml shake flasks
by using inoculum from the preceding lot. In Lots 6 through 8, however,
several seed flasks were prepared as follows: A 300-ml Erlenmeyer flask
containing 25 ml of beef extract sorbitol broth was inoculated with a loop-
ful of growth from an agar slant culture of P. pseudomallei. Thu flask was
incuLtted on a water-bath shaker for 24 hours at 37"C. Four to eight 300-ml
Erlenmeyer flasks containing 24 ml of broth each were inoculated with one
milliliter of ino!.~l-u from the above broth culture. These flasks were incu-
bated on a shaker for 24 hours at 3YOC and stored at 40 C until used. A
2000-ml flask containing 100 ml of beef sorbitol broth was inoculated with
24 ml of culture from a seed flask. After 24 hours' incubation at 37%C,
samples of the culture were assayed for aerosol properties. The aerosol
decay rate for these three lots of material averaged about the same as
those for the five previous lots.
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7Fiure IS. (U) Disas..cbled FK8 Aerosol
Dissemination Device Showing Slurry
Reservoir. (FD Nag C-3"733)
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TABLE X1I. (C) AEROSOL STABILITY OF P. PSEUDOMALLEI, STRAIN 8016, GROWN
IN BEj, EXTRACT SORBITOL BROTH IN 1500-.L qUANTITIES

PER CET AEROSOL. R.COVtRY,.min DECAY
LOT VIABLE CELLS/*. 0*2 0-16 0-30 IUTE, %/min

l/ 5.71 x 109 41.9 19.3 13.0 4.18
2b/ 5.71 x 109 44.0 20.6 11.6 4.76
3Z/ 6.10 x 109 46.5 20.6 13.4 4.44
4'/ 1.00 x 1010 27.6 11.4 7.5 4.65
5!-/ 6.00 x 109 28,5 13.7 10.5 3.74
6•/ 7.10 x 109 30.7 6.2 4.6 6.80
7/ 1.51 x 1oI0 34.1 18.7 10.8 4.10
sE" 1.20 x 1010 Z3.8 16.4 13.0 3.40

a, Aver'%ge of nine dun'. trials At 50 per cent relative humidity.
b, Average of nine independent trials at 80 per cent relative humidity.
c. Average of six independent trials it 50 per cent relati,-e humidity.

2. (C) Effect of Storage on Aerosol Stability.

(C) The rmsults from one series of experiments with three lots of
P. pseudomallei, strain 8016, grown and stored in beef extract sorbitol
•roth, indicats a progressive drop of aerosol stability durL, g storage.
The experiment was p~rformed as followst A loopful of growth from a beef
glycerol ag.r slant culture started from a single rough colony was used
to seed .5 21 of beef extract sorbitol broth in a 300-ml Erlenmeyer flask.
The flask was incubated for 24 houe-s on a water-bath shak-r. One-millili-
ter aliquots of this culture were used to inoculate four 300-el Erlanmeyer
flaskm containing 24 al of beef sorbitol broth. These four seed flasks
were inoubated with aerato-on for 24 .iours at 35 to 4T0 C and then held at
cabinet temperature. A 2,000-m. flat-bottomed flask cont,ýining 1500 ml of
beef sorbetol broth was inoculated with 25 ml of culture from a seed flask
and incubated at 35'C for 24 hours on a water-bath shaker. Three lots
(designated A, B, and C) of P. pseudomailei were produced in this manner
or. alternate days. Samples "re- each of the three lots were assayed in
aerosol form at 0. 2, 4 and 8 weeks. The clouds were disseminated into
a 4800-liter test tns-k with F.8. The broth cultures were stored in aterile
500-ml heavy-wall reagent bottles at 53 C.

('U) Table TIII gives the initial viable cell counts of the three
lots of P. oseudozr•a-l! is determined by four differhent groups in SO and
Technical Ev'aluation Divisions. The three lots h.d about the same viable
cell count.
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TABLE XIII. (U) VIABLE CELL COUNTS OF THREE LOTS OF P. PSEUDO)ALLZI GROWN4
IN 15OM-ML QUANTITIES IN BEEF EXTRACT SORBITOL BROTH&/

INOCU LU,
108 VIABLE CELL COUNTS, 10 9/ml AVERAGE

viable SO Division TE Dvision VIABLE
LOT cells/:mi 1 Branch Eval Branch A'&E Sect 4R&AE Br COUINT4 iO1

A 2.5 10.0 12.3 13 7.5 9.9
8 1.4 8.5 9.17 7.0 7.2 7.9
C 3.0 10.3 8.7 7.4 8 8 8.8

a. Cultures incubated on a water-bath shaker for 24 hours At 35'C.

(U) Data concerning the phyitcsl properties of the three lots cf
material are cotpilui in T&Lie YIV. All three hac' about the same pH and
specifi,. grrmity.

TA3LZ Xi';. (U) PHYSICAL PROPEZTIE,ý OF tHREE LOTS OF
P. PSEUDOMALL&I GROWN IN BEEF EXTRACT
- S01MTT1 TH A.LD TESTED AT 30JC

VISCOSIrY SPECIFIC SURFACE TENSION,LOT C GRAVITY dy-nesic" PH

A 1.0'7 1.09 1.017 41.7 7.6
B 1.14 1.16 1.014 48.0 7.7
C i.006 1.0241 1.015 49.1 7.7

a. Centis~okes.,
b. Cintipoises.

(U) Thae aerosol recovery values of the fresh slurry of Lots A, B
&nd C of P. pseudcmaliei are shown in Table XV.
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TABLE XV. (C) AEROSOL RECOVERY VALUES./ OF THREE LOTS OF
P., PSMIDOMALLE1 GROW\ IN BEEF EXTRACT SORBITOL BROTM

VIA.S 'CU.!. PER CLE.T AEROSOL RECOVE•',rin
LOT DAY COUNT p., :1 1 0,4 0-8 0-32

1 1.23 x 1010 28.6 4.3 3.4
i 1.23 x 1010 32.7 5.4 2.9

A 2 1.28 x i010 -- 2.0 4.1
2 1.28 x 1010 11.5 2.1 1.4

3 9.17 x 1O0 9.1 3.9 2.3
3 9.17 x 109 49.8 9.3 3.6
% 6.93 x 109 21.8 4.7 4.4
4 6.93 x 1O9 24.6 6.9 3.6

5 8.7 x 109 22.2 7.2 7.2
5 8.7 x 109 26.4 1.8 ?.7

C 6 7.18 x 109 26.5 6.2 2.8
6 7.18 x 1O9 28.4 4.! 2.8

Average 25.6 5.0 3.3

Deca~y Rate 7.6 per cent "ain

a. rK8 atomizer used. Determinations m.ade by SO Divisi- i.

(C) The ei'fect of storage at 5VC cn the aerosol stabilities of the
three lots of P. p•audomAllel is shown in Table XVI. The cloud decay rates
were sLmilar fr M -theTe lots of material after two and four weeks' stor-
ag,.. However, the averale source str--ngth (per cent recovery) at 0-4
%inutes for the three stored lots, (excludi.ng Lot 3 at the tbo-week test
Speriod), 4as roughly one-hal' that of the fresh cultures. This effect of
holding broth :ultures at 5;C on the aerosol recoverf of the agent needi•
further investigation.

3. (C) Comparison of Aerosols frona Two Diiseminators

(C) The same three "ort3 Of P. pseudoallei vere used in a coocera-
t.ve study (with Technical Evajaticn Div-xion) of the FK' and tVe C
generator. T1-- source strenth of the aerojol varies with the d)ssem'nat~ng
device lksed. The atrosoli produced by t'ie C geenrr'ator werv xbout fi-e ti.'aes
lewe" Ln sourca strength than thc•ce from t e FK8 (Table M'II). Also, ýhe
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TABLE IY 1. (C) AEROSOL STABILITY OF rHR-- LTS or? p. pSEUD0H)LLEI CRDNI

BE~ EXTRACT SORBITOI B20TH ASD ST0RM nI' SjF712L IVv/

LOT A LO5I U LOC

A3IC = AZU3ISOL UXCOYZI ALWSOL I=UCVf

o001 0416 N0~ 0i42 N14s 0031 N,2 N14 0~00

T110 VM

25S& 9.0 5.7 1.0 2544 21.0 1.3 0.) 2570 6.7 0.1 0.3

2SU~ 3.2 1.3 Q. 7 2545 21.2 1.1 1.2 2571 2.S 0.3 0.2

2510 10. 1. I:7 1.0 2544 17.2 1.$ O.b 2572 9.2 0.5 0.4

2541 6. 1.1' 0.6 254t 12.7 1.0 0.3 2571 9.2 1.0 0.A

2542 11.S6 1.2 0 .9 2564 25.5 2.0 1.4 2S.74 9.6 0.6 0.5
25c'3 12.7 1.2 0.9 2569 14.7 2.7 1., 251.5 15.4 1.4 0.7

Average 10.1 1.4 0.9 25.5 1.7 0.M 6.5 0.7 0.5

riAbile Coll
Co~ut,w.l 6.3S 1 109 6.57 1 10~ 6.1 a 0

3fs .6 1.0 0.3 2625 9.4 0.5 0.4 2631 7.5 0.4 0.3

I.S20 15.5 1.5 0.4 2626 2.7 0.9 0.4 2632 13.4 0. 0.3

2622 15.3 1.0 0.3 2621 13.2 G,.9 2.4 2633 5.3 1.8 0.5

2622 14.4 0.7 0.3 2625 22.4 1.4 0.5 2634 8.3 2.0 1.1

2623 17.5 1.3 0.3 262$ 7.6 2.7 I A 2635 6.0 2.1 1.3

2.624 11.3 1.1 0.5 2630 10.3 2.0 1.2 2636 9.7 1.1 1.1

Avwfa0 14.2 1.1 0.4 11.0 1.4 a-* 6.4 1.4 0,8

Viable Coll
Co..'t sa. 6.05 x 10~ 6.8L x 105 8.97 1 13

MlaT F

268 3.3 0.4 0.2 2w3I 1. r 0.5 .5 2697 1.7 0.7 0 3

Im 4.8 0.2 0.3 2V~2 A.1) 0.6 1-4 2698 2.7 0.5 0.4

2SV7 *.2 0.3 0.2 26i3 4.6 1.7 3-b 2699 3.7 1.0 0.6

2S-.6 t~.0 0.3 0.3 2eu 5.5 2.3 2..A 2700 7.1 1.3 1.0

2a 3 6 0.7 0.3 2 6 96 7.0 2,3 1-) 2701 3.1 L.2 0.9

Zs10 3.S 0.6 0.2 2696 3.7 3.3 .12702 7.4 1.2 1.1

A.IMIS( A 3 0.4 0.3 5.4 5.5 .2 4.3 1.0 0.5

Decay Rate 0;%au .81/sim 6 .a

Co,.t ýd 6.2 09.4%1ý.3x.9
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source strengths of Lo's A and B disseminated by the C generator were
significantly higher at the P-.05 level. It was concluded that the lover
source strength of Lot C dise-.tnated by the C generator was a result of
the dAy rather than of the lot, because data derived from dissemination
of simulant on tne same day also were significantly lower than that for
the other two days of testing. Because results with Serratia narcescens
gave the expected high recovery values when the C generator was used, it
was concluded also that the generator exerted a deleterious effect on the
pathogen; this effect was not evident with the FK8 device.

TABLE MVII. (C) 4Ek.\ SOURCE STZ_\GT1-IS L\D DECAY RATES OF
P. PSEUDO4ALLEI GROWN IN BEEF EXTRACT SORITOL BROTH

A.ND DSbýZ4INATED BY TWO •ETHOD'i

AEROSOL RECOVERY, PER CLNT DECAY RATE
LOT 0 , 4 min. Per cent/min.

FK8 C Generator'_/ FKS C Generator

A 24.3 8.0 3.46 5.07
B 35.4 7,.1 2.91 3.10
C 25.9 6.8 1.48 3.53

a. Determinations by U4 and AL Branch, Technical Evalua-
tion Division.

(C) The results obtained by using the C gener4Ltor indicate that the
sour•ce strengths of the three lots of P. 14 Mdcal~ei after 24 hours' stor-

age at 4*C were significantly lower thaz those of the fr.shly produced
agent (Table XMIII). This corllr-1s the previous findi~-g that storage of
broth suipension of this organivs at 4'C &dversely affects aerosol stabil-
ity, Additional data on these agent device trials are c, ntained in the
Technical Evaluation Dtvision Report of Test 57-A-90-5.9/

(U) A comparison of the aerosol propertzes and respiratory infec-
tivity of rough and smooth straitis of ?. oseudmcnallei -rown Ln beef extrsrct
sorbitol medium and in casein acid digest nedum was determLned by Technica.
Evaluation Division. Both smo, *h and roughstraans grown in the beef sorbi-
tol medium exhibited significan.ky highter source stren'ths than when culti-
vated in the CAD medium. The 3ooth strain cultured in beef sorbitol Showed
higher snurce strengths and lower decay rates tnan t.•e rough strain grown
in the same medum,.

CONFIDENTIAL

- "I --•-I,• I,- -m l n ,tnn I'. i-lJmiu unl nlull li i l i



CONFIDENTIAL

TABLE X7VIII. (C) HMAN SOURCE STRYGTMS AND DECAY RArES
OF P. PSEUDOKALLEI GROWN IN BEE7 S0RBITOL BROTH

AND STORED FOR 24 HOU2S AT 40 C

RECOVERY, PER CENT DECAY RATE
TLME OF 0 ! 4 min. %/Min.
TRIALS Lots Lots

A B C A B C

Day
1 5.00 4.56 2.03 5.66 2.62 2.53
2 2.40 1.85 1.08 4.46 3.60 4.50

(C) The respiratory LD50 for guinea pigs and hamsters of the various
strains cultured in the two media could not be estimated because a high rate
of kill was experienced with both species of anixals. Hoever, the rough
strain grown Lr C)D produced 100 per cent mortality with fewer organisms
than the smooth or rough strain cultured in beef sorbitol. The experimat:tal
procedure and test 4,etails are given in Technical Evaluation Division Report
of Tost 58-A-956.30/

F. (C) DRNG STUDIES

(C) In initial studies conducted with P. pserudomallei in SO Division,
virulence decreased durLng the drying proc;ss. Severa["suspending fluids
wera studied for their ability to enhxnne stability and to rutain viru-
lence of the . ent through the lyophilization process, but none of those
tried were superior to distilled water. The cultures for these early
studies were produced in 15-liter amounts of beef extract glycerol or
sorbitol broth in the five-gallon carboy sparger. Cells from the cul-
tures were centrifuged in a Sharples Supercentrafuge. The "mud" recovered
usually had a count of I011 viable cells per gram, although some lots
yielded as such as 1012 viable cells per gram. The cell concentrate was
then resuspended in an equal volume of a suspending fluid, placed in dry-
ing trays, frozen at -60'C, and lyophilized in the freeze-dryer. Dried
pr.oducts obtained from this procedure frequently had a count of 10 I1
viatle cells per gram. Grinding of the dry product in a Tanner Spin
4ill reduced the viable count by 30 to 80 per cent.

1. (U) ?Hchanisn of Virulence Loss

(U) Recent drying itudies were directed towaard elucidating the
mechanism of virulenca loss occurring in the lyophilization process.
The results obtained from four replicate experiments indicate that the
reduction was caused by a tempora.ry physiological change and not by a
genetic alteration.
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(U) The experi•mnts were designed to test two hypotheses. (a) If
the reduction in virulen.ce during drying was caused by a genetic change,
the drt.d product would contain a large proportion of avirulent cells.
fience, broth cultures started with inocula which had undergone the drying
process vt-ild show no increase in vir"ulence (assu-ting the avirulent mutants
remaining in the dried product are .-... e of lltxplying as rapidly as the
virulent cells). (b) If the loss in v-i:lence during drying were caused by
a physiological change, e.g., damage to or the destruction of a particular
enzyme system, then the dried cells wvould be Able to repair the damage dur-
ing multiplication and thus regain their original virulent state. The latter
hypothesis appears to be the correct one. The following experiment supports
this conclusion.

(U) A loopful of growth from an agar slant culture of P. seudo-

mAllel was placed in 20 ml cf beef extract sorbitol broth. n e culture was
In-cubated with aeration for 24 hours at 3."r". Eight 300-al Erleriyer"
flasks containing 20 ml of broth each were inoculated with 0.2 ml of cell
suspension from the abcvo culture. Theos eight flasks were incubated on

: 370C water-bath shaker for 24 hours. The growth from four flasks (80 ,&1)
was combined and aixad with 80 mg of ing•edients of a modified Naylor's
preparation (9.10 per cent riboflavin; 45.45 per cent thiourea; and 45.45
per cant ascorbic acid). The growth frcm the remaining four cultures was
also combined. Samples of the two cell suspensions were removed for viable
counts and virulence determinations. Four-ml aliquots of the culture con-
taining the modified Naylor's constituents were placed in 10-al vaccine
bottles. The plain broth cultur, also was dispensed in four-mi amounts
into another set of 10-mi vaccine bottles. The material was frozen at
50'C and lyophilazed in the freeze-dryert the dry products were then resus-
peaded to original liquid volum, with starile distilled water. The LD50
of the resuspended dry material was aetermined by injecting 1.0-ml amounts
of serial tenfold dilutions, estimated to bracket the anticipated endpoint,
into the Lntraperitoneel cavity of hamsters. A 0.2-al aliquot of the
material dried in the mother broth and reconstituted in distilled water
was used to Inoculate 20 21 of beef extract sorbitol broth. These flasks
were incubated with shaking for 24 hours at 370C and the viable count and
the hamster LD50 were determined. Results obtainred from f:ar replicate
experimants are shown in Table XIX.

(U) An examination of the data in Table XI. reveals that cells
dried in the mother broth underwvent a two- to four-log drop in viability
and an increase in the hamster LDco. The cultures dried in mother broth
containing modified Naylor's coLstituents exhibit a four- to fi'e-log
drop Ln viable count but still retain their original virulence. Cells
dried in mother '..ith regaini their original. virulent state on subculture
in beef extract sorbitol broth. This izdicates that the reduction in viru-
lence of the cultures dried in mother broth 13 a physiological rather than
a genetic change. Othervise, one would not expect the subculture or the
cells dried Ln modified Naylor's solution to be as virulent as the liquid
cultures before drying.
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2. (U) Viability ansd Virulence After Drying

(0) After the reduction in virulence of P. pseudomallex during
lyc,.ilization was shown to be a physiologic*! c.harge, the next step was
to i.zrestigate various suspending fluids tU'at could be used as drying
menstr-aa and would preserve the virulence as well as *ncrease the percent-
age of cells survivinj the drying process. Cells grown in beef extract
sorb-:ol broth, contr-fuged, and suspended in a five per cent sucrose
solut:ion showed no apparent loss of virulence for hamsters after lyophili-
zat'oc. Recoveries averaged 10 to 30 per cent of the viable population
(Tab:e IL).

IL) tne ao.ULttion of' 2.3 per cent s^im zil3, to toe s,,.rus.. 5uior.
increased the average viable recovery aftir lyophilization to 35 per cent.
Results of preli•inary expertments indicate that the antioxidants (thiourea
and ascorbic acid in 0.5 per cent concentration) coull be added to the
sucroe skLm-ailk diluent without adversely affecting virulence (Table U2.

G. (C) 3TOUGAE bTABILITY OF LIQCID SI;P~btO') OF P. PSECU14ALLEI

(C) The storage stability of liquid preparattons was tested at -70,
-20, 4 and 25:C. Cells for the suspensiuns were obtained frcm cultures
grown :.% 15-liter amounts of beef extract glycerol broth in five-jallon
carboys. The cells were sedimented by cuntrifu.:ation and then resuspended
to the desired concentration in the 'ollowing test diluents: (a) gelatin
saline, (b) spent BES broth plus buffer, and (c) fresh BES broth. One-
milliliter saples of' the different cell suspensions were dispensed in

small polyethylene syrettes and held at each te.-!per-ature mentioned above.
At specified intervals two or more of these syrettes were selected at ran-
doa, f-jm each storage temperature to determrine viable cell count a.d viru-
lence for hamsters. Additional storage experiments were performed in
which 1500-ml beef extract sorbitol broth cultur-i of P. p omallei were-
growe- in 2000-al quantites for var-ing periods T.e resIit hese

studies are shown graphically in Figures 19, 20. 21, 22 and 23. Figuare 24
shows the storage stability of suspensions derived from solid =edia.
Althovm there was a steady decline in viable cell counts with storage
time, v'ir-lance for the hamster by the intraper'toneal route or by aerosol
inhalrt:on did not decline to any appreciable extent. Virulence of products
stor4.d for six weeks at 4°C and lower remained unchanged. Storage at 4 to
5VC would apoarently be suitable for six to nine weeks if a concentration
of I x 109 vlable cells per milliliter were acceptable. The mother broth
is a 9uitable storage menstr-uum anrd no processing of cultures after produc-
tion is required. However, as noted previously, the aerosol stability
decre-ases with storage.
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TABLE t•I. (U ) M FFECT OF VAIUS ATIOX•IDANT SOLUMIONS ON BIOLOGICAL
RLCOVERY AND VIRCUW CE OF P. PSE7rx)hALLE1 AFTER LYOPHILIUATION

4FUA.' BIOLOGICAL ,WISTER
DRTI NG S NSTR f.N RECOV*RY AFTER ILD 5o,

LYOPHILIZATION, % cells

SS diluent_/ (control) 35.4A./ 10

Thiourea 1.0% '1.0 -.- c
- i.') SS d~luent 21 1 J2O0

0.5% / 55 di.uent 60.1 "10
1.G' , sucrose, 5; 4.7 10

Asccrbic 0.5% 41.0 --
acid 0.5% 1 thiourea 0.5%, • SS diluent 48.1 10

0.5% / SS diluent 34.6 0-10

Citric 0.5% -.1.0 --
acid 0.5,% ascorbic acid 0.5% r' SS '1.0 --

diluent
0.5% / thicuw-i, 0.5%, / ascorbic i1.0 --

acid 0.5% / SS diluent
0.5% / thiour•a 0.5% / SS diluent '1.0 --
0.5% , SS diluent '1.0 --

a. Five per cant sucrose plus 2.5 per cent skim milk.
b. Mean of n i" independent triais; all other fig',ures are the mean of two

independent trials.
C. No results.

H. (U) T•AEP.PY STUDIES

1. (U) In vitro Sensitivity Tests to kntibiotics

ý") The in vitro sensitivity of P. •seudomallei, Stra.ns 8016,
145J, 1455, 4,•.•R'.d 1-458, to chlortetracycline, o.xytetracy!l.ne,
tetracycline axd chloramphenicol were tested by the disk mdthod, and
the Szybalski nr gradient plate technique.32/

(U) The disk method was used in testi in which beef extract gl!ycerol
agar plates were inoculated with 0.1 ml of a 1:100 dilution of a 24-hour
beef glycerol broth culture of each strain of P. pseudomallei; then sterile
disk.i L=pregnated with antibiotics were placed on the plates. Zones of
inhibition were measured and recorded after 24 hcurs' incubation at 37'C.
The results are recorded in Table "M1I.
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(u) rho izybalski plate technique was used in the following test-
20 ml of beer glycerol a4ar containing one m~crogra~m or antibiotic per
milliliter were poured into a sterile Petri dish. The dish was slanted
so that the agar just covered the bottom and a gradient ot' agar thickness
wa3 obta, a,o . Attr the agar h,¢dened, the plate was placed on a flat
surface and a second layer or agar, containing 30 micrograms of antibiotic

milliliter, was added to the dish. The plates were put into the refrig-
e tor to allow diffurzon of the .- tibiotic that resulted in a gradient
concen'ration of the test substance which ranged from I to 30 micrograms
per milliliter. A loopful of a 24--nour beef glycerol broth culture or
each of the six P. pseudozmallei strains tested was streaked on the agar
surface of plates parallel to the concentration-gradient ax.s. All six
strains could be screened for sensitivity to one antibiotic on one gradient
plate. The plates were_ incubated at 37'C and the amount of inhibition of
a given antibiotic was :!eternined visually after 2.4 hours. The results
given in Table TXIII art expressed as the approximate concentration of
antibiotic in micrograms per niUll.liter required to inhibit growth.

TABLE 1,11ll. (U) IN VITRO k.\TIBI0TIC .r-%SITINITY OF SIX STLr\.S
Or?. ?P•TIX)IALLZI

P. PSEUD0MALLEI STRPAIN
ANTIBIOTIC

1454 1455 1456 1457 1458 8016

Chlortetracycline 1 1 1 1 1 2
Tetracycline 1 5 9 11 11 11
Oxytetracycline 11. 1. 16 17 17 15
Chlor aphenicol 9 30 30 3 30 20

2. (C) Antibiotic Therapy of £ZperLnental '4elioido3is in danaters

(U) In a orealizinary experiment, 2000 micrograms of chlortetracy-
cline, oxytetracyclLne, or tetracycline given twice diaily prolonged the
survival time of hamsters infacted with 10,000 viable crgsanisms of P.
Eseudomallei, Strain 8015, but did not prevent death. Chlor.-phenicol,
in the san-e experiment, proved iroffective. These results siggest .'at
more freqtent adcmini.tr•ton of t-e f,,st three drugs menti~red above
should help maintain a maxmum a.ntibiotic. concentration in the blood a'nd
tissues and might give -ore favorable results. This possibility was tested
in another experiment in which hamsters infected with 1900 viable cels of
Strain 801i were given 2W0O) microga3.s of an ant:botic four times a ,y .
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In addition to the administration of single antibiotics, the effect of 2000
micrograms of tetracycline in combination d•th cithor huan gm,,a globulin
or human sera was tested on one group of infected animal,. Human gamma
globulin and human plasma given in conjunction with oxytetracycline or
chloramphenicol have protected mice infected with various organ ims.1L.L!/

(U) Forty-five h&asters ea,.h were injected intrap'ýritoneally with
1900 viable cells from a 21-hour-old beef extract sorbLtol broth culture of
P. pseudcmallai, Strain 8016, whose LD50 was about one cell. Approximately
Three hours later antibiotic therapy was Initiated. One group of infected
animals received one mill'L.itdr (2000 milcrog.ams) of antibiotic by the su'-
cutaneous route every ¶ix hours; a second lot of five animals receive five
micrograms of htu.Lin gamma globulin (Pol'omyelitis I.mune Globulin, Lederle
Laboratories) pioi ;no0 micrograms of tetracycline ev,-ry 12 hours. A third
group of infected animals received 0.1 -a of human sera plus 201,4- micrograms
of tetracycline every 12 hours. The controls consisted of infected anLnals
given no treatment, infected animals receiving five milligramas of human
ga.A globulin every 12 hours, and uninfected anLials L-jected witn anti-
biotic every six hours, Therapy was a(Lministered to surviving animials over
a period of four days.

(U) The results of the above experLn-ent, recorded in Table XXIV
sahow that chlortetracycline, cAytetracycline, and tetracycline given in
2000-microgram loses every six hours prolonged the survival time of the
infected animals. Chloramphenicol and neomycin sulf'ate had no effect.
Human sera plus tetracyclire grve little or no protection to the infectedSanimals at the dosage level used.

(U) In a repeat of the above experiment, two additional combina-
tions, tetracycline plus either ethylenudia.iaiae tetracetic acid (EDTA) or
cortisone acetate, were also assayed for their protective values. A group
of ham.ters inoculitcd with 1100 viable cells (about 1400 LD5's) rf P.
piudom&llei were treated with antibiotics alone or in combi.nation w'th
various compounds ýTable MXV). The therapeutic agents were administered
to the animals every six hours for 7T days. The aniLals that died after
the fourth day of trebtment were autopsied and various tissue3 were col-
lected for histopathological and bacteriological studies.

(U) ChlartetracyclLne ad-ninistered alone or in combinr.tion with
hum.aLn gia globulin or hu.-.atn plasma prolonged the 3urvival Lme of infected
animals until therapy was discontinued 'Table XXV). The P. oseudomallei
organisms isolated from the tissues of infected ani.mals treated with chlor-
tetracycline were as sensitive to this drug as the original stock culture,
indicating that the organisms did not become chlortetrac-.'cline-resistant
in vivo. At autopsy all infected 3ni-•als dying after the fourth day had
grossly visible lesions of various organs including l,'ings, liver, kideney,
heart, testes and spleen. The liver and spleen were nost extensively
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involved in the inf-,ctwous process. 1 icrr.scopically, tne nult,ple losions
of var-ou3 siizs w,,r,' charactoristic of "e:ni'osis. Gte"isa-stained sc-
ti•ns of tb., les.'jns rvetlod lnumerous bac.:Ui within them.

(r) 'p-'ar'-'. chllortrac,,clire :- capabi., of pr-ventin.• the organ-
ism from .ult .plying -,n the an:-al bo'.y as long as a certain level of the
antbiotic ii s ant.ainel ,n the, blood at.; issues. lhowver, when the chlor-
tetracyclirte corcentration begins to !rryp. 1he bactr'a nrba ly bjgin to
multiply ar.- k.1 'hu host. Thus, it wu:- s'em t0%at the nor-ai df•ensive
-echanis.s of the ha.ester are not capabl• ffe lostroy'ng the bactrial cells
while "ho;y are under the inhibitive effects of the antibiotics.

(Ul The use of ••l, and cort'.sone -. conjunction with tetracycl r.e
in this ecperr.ment hal no apparent protec:;ie ffrect.

3. (M) Tr,.at-ent of Expr-i•ntal :.•:-osis in Guin.- Pigs

(U) In two oxp:r.ne•nts w:th 4,utnca p;gs, chlortetracycl'no, Zetrx-
cyc ::-no arn oxytetracycline prolonged tIne s-r'vival time of animals infected
with large doses (10,500 to 15,000 viable cells) oe P. pseutlollat, Chloran-
phenicol was ineffective (Table 'V').

(M) A group of guinea pigs were in:ectod intraperitoneally with
10,560 viable cells of P. pseudo•allei, St.a.n-- d016. Antibiotic therapy
was initiated nine hours after tne &ninals were tnfe,:ted. Infected guinea
pigs, with the exception of a control. group, werm givin 3000 ai.rogr•ms of
an antibiotic every six hours for • days followed by 3000 micrograms of
Ln a-it•biotic given twice daily for five days. Uninfected 4unea pigs
(antibiotic controls) rocet'.ed the same amczt of antibiotics as the infected
ini.mals. The animals that lied -,-re autops-ed and ttssues collected for
histological n,t bacteriological exa.•inati.:. This e.perL'nont was repeat-l
on a group of ýu.nea pig-s injecttd intraper*.1onea•ly w,.th 15,C00 organisms
per animal. the infected ,Ciinea pigs were given 3000 micrograms of an anti-
biotic every six hours for 6j days followed !y 3000 micrograms given twice
daily for an additional, eight days.

(U) The results obtained fron these to e~er'-.ents suggest that
*he gu.nea pig responls to therapeutic treatment with the tetracyclines
-ore readily than the h&.ster, probably becxu-.,• of its greater degree if
natural resistance.

(U) The m:icroscooic study of tissuei of treated and untreated
ani;m&ls 'id. not demonstruate a significant i-.fferrnce among grcirs. The
extent of tissue involvement in the L'nfect:c=s process varied c jiderably
from animal to ani..al izrrsspective of the tr-"a•ment. As noted eviously,
in certain ani.mals tha pathological process t:d not appear to .ýve been
suffic.entlV extensive to ca.ise death, except perhaps on the basis of a

CoFxe.-NIa.
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VI. (C) DU1ClbU)1N AND CO\CI.U30%Y1

(C) The findings of Miller and coworker,!. Canadian E4 research personnel,
the Naval Biological Laboratories, and the 1N labs support the coinlusion
that both Actin. )acillui mallei and Pieudomonas psoudomallai p.ssqS. zany of
the qualities des'[ •f-redroosos.

(C) The histories of natural infections cau,•ad by the glanders and
melioidosis orgmanisi indicate that each has a -marked biological effective-
ness against min. Available epidemiological data suggest, however, that
the former is .'ore infuctive than the latter. tn clinically recognized
cases melloidosis appears to b,) -torn acute and more rapidly fatal thaun
glanders. The high mortality rates recorded ýn both diseases offer strong
supporting ovidnoce for classifying these bacteria as lethal agent3. The
repcoted severity of natural infections and the experimental data shoving
effect.ve doses in animals by oral and otroe rout,.- of adminxstration 1.'di-
cate a fon•idable catualty potent,.al for thtze disease a&ents in biological
warfare. Furthermorr, there ij no recognized •unization against aither
gla.ders or meliotdosis.

(C) Actinobacillus nallel is characterized by (al ease of production
and qumntitAtton, (b) h'ih in•iectLvity, and (c) a hith fatal.ty rate in
ev7- rimental animals. The two shortcomings of this .,acteri =u from it'e
,.'ogical Warfar- standp-2.,t are a gradual or abrupt i.rs3 of virulence

and poor stability of stored 3uspensions. Basir research on tht Csnetic
aspects of virulence seems warranted because of i's hl..tory of high infec-
tivity among laboratory personnel,

(C) The data reported on Pseudomonas p!4udomalle- suggest that it h&:
suitable properties as a BW agent. The ,rgan:sm csun n. grown &,nd the con-
centration can be deternined in a few dtays witiout complex facil'-tlas or
media. Storage and aerosol stabilities comp,- fa.orably with those of
most vegetative bacteria. Liquid susptnsions of most of the strains
studied maintained virualnce in tests with the hMster and gýAinra pig.
Addit.onal, research would be necessary to develop inforz-Ation .n two
i--r rt ant questions: (a) How susceptible -"s the average person to infec-
tion with P. pseudoma lleil (b) hhat is the relationship, if &an, between
virulence ?or suscep't-ble laboratory rodents and for man*
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